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The possibility of radiative effects induced by the Lorentz and CPT non-invariant interaction term for fermions 
in the standard model extension is investigated. In particular, electron-positron photo-production and photon 
emission by electrons and positrons are studied. The rates of these processes are calculated in the Furry picture. 
It is demonstrated that the rates obtained in the framework of the model adopted strongly depend on the po- 
larization states of the particles involved. As a result, ultra-relativistic particles produced should occupy states 
with a preferred spin orientation, i.e., photons have the sign of polarization opposite to the sign of the effective 
potential, while charged particle are preferably in the state with the helicity coinciding with the sign of the ef- 
fective potential. This leads to evident spatial asymmetries which may have certain consequences observable at 
high energy accelerators, and in astrophysical and cosmological studies. 
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Physical laws have been confirmed to be Lorentz invariant with high accuracy in numerous experiments fP]. Nevertheless, for 
_^ . the last few years there have been made a number of assumptions that these symmetries are only approximate. 

The modern quantum field theoretical viewpoint admits the possibility of Lorentz invariance breaking (and, as a consequence, 
possible CPT invariance breaking in the local field theory) through a spontaneous symmetry breaking mechanism. In other 
ff^ words, even though the underlying laws of nature have Lorentz and CPT symmetries, the vacuum solution of the theory could 
J> spontaneously violate these symmetries. 

The Standard Model does not have dynamics necessary to cause spontaneous Lorentz and CPT violation. However, the 
violation mentioned above could occur in more fundamental theories, such as string theories, noncommutative geometry, etc., 
and the resulting theory can be effectively described in the framework of the standard model extension (SME) |2]. 

At present, there are numerous approaches to study various effects of possible Lorentz violation. However, the SME is the 
, most consistent of all in describing theoretical implications of the Lorentz violation hypothesis (for a recent review of SME, see, 
e.g., |3]). It is in the framework of this theory that calculations have been performed ||4j], whose results became the basis for 
experimental verification of Lorentz invariance in the low energy range 
^ • It is surprising though that the high energy consequences of this theory have not been studied as yet, whereas the possible 
I effects in this range are expected to be more substantial, than those at low energy. Some estimates of the rates of certain 
electromagnetic processes have been obtained only at the phenomenological level (see, e.g., |6] and references therein). In the 
present publication, we attempted to partly compensate for this lack of theoretical estimates. 

The SME is fairly complicated even in the electromagnetic sector, and hence we restricted ourselves to studying only those 
consequences of the theory that are due to axial-vector interaction of fermions with the constant background field with the 
CPT-odd interaction term in the fermion Lagrangian 4ibi^i-)^ys4i (notations generally excepted in the framework of the SME |2]). 
5J] This kind of modification of QED in the fermion sector does not influence the gauge invariance of the action and of the equations 
of motion, but it does modify the dispersion relations for Dirac spinors |2]. The question about the possible dynamical origin of 
this constant vector remains an interesting task to be solved. One of the possibilities is that the pseudovector field might 
be related to some constant background torsion in the large scale Universe, ~ s'^^'^^Ty^g [7J. Moreover, such a CPT-odd term 
could be generated by chiral fermions . 

This model has been extensively employed in numerous publications where the Chern-Simons term 

generated by the fermion loop in the b^" background was studied. The results of these studies have been controversial, since 
they depended on the type of regularization adopted during calculations. The final conclusion can only be drawn after certain 
additional physical assumptions have been made. New interesting results at finite temperature have also been obtained, — for 
instance, the Chern-Simons term vanishes in the very high temperature limit 1 15]. The applications of the SME predictions 
to astrophysics and cosmology are also of interest |6] (see, also |9], where, in particular, energy splitting between electrons of 
different helicities and decay of very high energy electrons into lower energy electrons and positrons have been considered). It 
should also be mentioned that this type of axial-vector interaction arises in the study of the coherent interaction of neutrino with 
dense matter in the framework of the Standard Model (see, e.g., fl^). 
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The parameter as a 4-vector may be time-like or space-like. In what follows, we shall consider the first possibility. The 
experimental bounds for the space components of are rather stringent, i.e., |b| < 10""^-10"^°eV, or even stronger, depending 
on the type of the experiment (for more details of the experimental situation, see 001, and references therein). Interesting 
enough is the fact that no stringent experimental limitations for the time component b'^ (at least for an electron, and this case is 
just of interest for us) have yet been obtained. One may argue (see, e.g., [9]) that, since the precision for measurements of the 
electron mass is about 10 the upper bound on the time component may be |fcol < lO^^eV. 

In the present work we investigate the possibility of electron-positron pair production by a photon and radiation of a photon 
by electrons and positrons induced by the Lorentz breaking background b^\ We assume that the photon dispersion law remains 
unchanged, and hence we neglect Cherenkov radiation. Our calculations are made in the framework of the Furry picture ITtIi . 
i.e., we consider the Lorentz breaking axial vector background as a kind of an external field and take it into consideration exactly, 
i.e., without making any expansion in powers of the parameter This means that creation and annihilation operators are exact 
solutions of the Dirac equation in the external or condensate field and form the basis for the perturbation theory description 
of interaction with the radiation field. This technique is appropriate when external or condensate fields are strong and particle 
energies are high. Moreover, since the dispersion law for charged particles in the external or condensate field changes as 
compared with the zero field case, new channels of reactions may become open. The calculations with this basis are, however, 
quite complicated. Nevertheless, it is with the use of this technique that various processes feasible in the astrophysics, such as 
one-photon electron-positron pair production, photon splitting, beta-decay in the strong magnetic field of pulsars, and a number 
of others were investigated (see, e.g., fT8[fT9ll20ll2lll22ll23ll : for the recent reviews of such calculations, see ll24ll25ll ). 



II. THE MODEL 



Consider fermions interacting with an electromagnetic field A''(x) and with a constant condensate field b'^. The Lagrangian 
density of the model |2] is as follows: 



where 



(2.1) 



I ---F F'' 



is the electromagnetic field Lagrangian and 



(2.2) 



(2.3) 



is the Lagrangian of the Dirac field. 

In order to calculate the rate of pair photo-production and the rate of radiative transition of an electron induced by the Lorentz 
breaking background in the framework of the Furry picture, the "extended" Dirac equation that takes into account interaction 
with the axial vector term should be solved. As it follows from the SME Lagrangian (12. 3> . the Dirac equation has the form 



{iydf, - Y'bf.y^ - m) (/r = 0. 



(2.4) 



The canonical momentum operator id'' commutes with the operator of equation i2.4\ . It can be shown (see 12611 ') that the 
eigenvalues of the operator id'' are as follows: 



1 + 



^b^ 



sj {bq)^ - bhn^ 



+ b'' 



Cibq) 



-ijibq)^ - b^m^ , 



(2.5) 



where q'' is a constant 4-vector, such as q^ = m^, and f = + L The dispersion law that follows from eq. ( 12. 5t has the form 

P^ ^m^ + 2(Pb) - 2b^ - 2C ^jiiPb) - b^f - b^m^. (2.6) 

Consider now the most interesting case of a time-like vector b'^ and choose it in the form b'' - {^7,0, 0,0). In this case the 
orthonormaUzed system of solutions of equation (12. 4> can be written as follows: 



(2.7) 
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where i/'" is a constant bispinor, A^^^ = 1 + f/j/lql, and 

1 



5; = - IqUVlql ■ (2.8) 



It is easily seen that the 4-vector q'' - {q'^, q) plays the role of the kinetic momentum of the particle with the energy s = q° 
given by the same dispersion relation as in the case of a free particle in the Lorentz invariant theory 



s ■ 



+ m2. (2.9) 



It is clear that in this case the relation between the canonical momentum P and the kinetic momentum q is determined by the 
formula 

P = qA,f, (2.10) 
and consequently, the dispersion law can be rewritten in the form 



e= -y/(A|P| - ^bf + m2, (2.11) 
where A - sign (a^^ ) is the sign factor. It is therefore clear that 

is the particle group velocity. 

The relation j2.1U differs from those used in papers Q^l by the sign factor A. This is due to the fact that, in those papers, the 
canonical momentum P and not the kinetic momentum q was used as the particle quantum number, and ^ was the projection of 
the particle spin on the canonical momentum. It should be emphasized however, that the particle kinetic momentum components, 
related to the group 4-velocity by the relation q^ - mu^, q^ = m^, and not the canonical momentum components, are suitable 
to play the role of the particle quantum numbers. Moreover, we choose the helicity of the particle as the spin quantum number 
^. It is well known that for aparticle in an external field, the projection of its spin on the direction of its kinetic momentum 
is defined as its helicity 1271 UsL . In our problem the directions of canonical and kinetic momenta are different, and hence, 
the projection of particle spin on the canonical momentum does not coincide with its helicity. Thus, we believe that the particle 
kinetic momentum, related to its group velocity J2.12L and its helicity are the particle physical variables that can be considered 
as its observables. This justified our decision that they should be taken as the particle quantum numbers. 



III. PAIR PRODUCTION 



Consider the electron-positron pair photo-production process. The probability of pair production by a polarized photon is 
defined by the relation 

W = r i'^xd'^y [ ills s(p^- m^)6(q^-m^) 

2fc"J (In)^ ^' ' (3.1) 

xSp{y^(x)£)g(jc, y; p, (p)yv(y)ge(y, x; q, Q]d'phiy^ x; k). 

Here, Qeiy, x; q, (^), ge(x, y; p, (p) are the electron and positron density matrices respectively, (fph^J^ x; k) is the density matrix of 
the initial photon with 4-momentum k^. The density matrices of longitudinally polarized electron with the 4-momentum q^^ and 
helicity and positron with 4-momentum p'^ and helicity ^p in the Lorentz breaking background constructed with the use of 
solutions \2.1\ have the form 

Q-Ax,y;p,i:p) = \^l^„{yp, - m){\ - ^,r'rv5;(;.))e'(-^°->°"^''-'(''-'''PV., 

\ (3.2) 

ge{y,x-q,Q = ^^lip^'q, + m){\ - ^,r'rv5,;(?))e'(-*°->°'^°-'<''-''"iV . 

Upon integrating with respect to coordinates, we obtain the following expression for the transition rate under investigation: 

W = y — 1^ S(p'-m^)6{q^- m^)6{k'' - p° - q'')6\k - pA^^^ - qA,^,)r(p, q). (3.3) 
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Here 



T{p,q) = isp{r"e„(/p^ - m)(l - Cpl^y.S^^ipWe^iyPqp + m)(l - ^^y" J aS ^piq))] , 



(3.4) 



where e'^ = {0, ai + iga.2] I V2, with g - ±\, are unit vectors of circular polarization. 

Instead of the electron, positron and photon energies = q^, = p'^,Sy = respectively, and polarizations ^p, g, and 
the effective potential b, it is convenient to introduce the dimensionless quantities 



rj — 12m, rj + y — p^jm, rj — y — q^lm, 

g^g sign(^7), le = Cp sign(/7), le = signC^'), d = \b\lm. 

Then the results of integration in (13. 3> can be expressed in the form 

dy 



(3.5) 



32772 J V('7 + 3')'-lV('7-y)'-l 
hyl(r] + y)^-l+lyl{T]-yy-l+2d + 2-gT] 



(3.6) 



The integration limits in the above formula depend on the values of parameter d. In the realistic limit of small c/ <K 1, for the 
case I'j = 1 , = 1 , we have 



and for other values of and 



where 



ye0 j]e[l,T]i), 
ye[-yo,yo] 776 [771,00), 



y e 77 e [1, 00), 



'71 = 



1 +d^ 
2d 



yo = 



|?7 -d\y]r]- 771 



(3.7) 



(3.8) 



(3.9) 



In other words, there exists a threshold 771, depending on the parameter b, such that only for 77 > 771 the process can take place. 
This is natural for the e^e" pair production process in the background field. Moreover, as it is seen from \3.5l . J3.8> . only 
those electrons and positrons can be produced, whose helicities are equal and whose sign coincide with the sign of the effective 
potential b. 

Then, upon integrating over y, one obtains the transition rate 



^{\+U(\+U@(t1-t1,)J. 



'g(.(. 32772' 

Here ©(77 - 771) is the Heaviside step function and 

J = [2(77 + -gd) + d^/i]] Fix, - T]E(x, s) 



+yo 



1 + 



V((77-yo)2-l)V((?7+yo)2-l) 
y2 + 772 _ 1 

+2 (d + gif) In , 

V((^-3'o)2- + 

where F{x, s),E{x, s) are the elliptic integrals i3l1l of the arguments 

^ = arcsm^ — -, s^Jl-rj^ 

3/2+772-1 ^ 

In the limit of small li <K 1 , the following expression can be obtained from J3.10> 



g(e(e 



-TT- In ^, ^ 1 + ^e){\ + (e)il + g)- 

16?? 1 - ^\-t]iIt] 



(3.10) 



(3.11) 



(3.12) 



(3.13) 
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Near the reaction threshold -q -t}\ w (2d) , the transition rate is described by the formula 

2 

Wf(A ^ ^ Vl-'7i/'7(l + leXl + Dil + -g), (3.14) 
and high above the threshold, with drj » 1 , by the formula 

2 

* l°(8^'7) (1 + + + S)- (3.15) 

It follows from the last formulas (I3.14> and (I3.15> that, in the realistic case of small d I, only the photons with the helicity 
g, whose sign coincides with the sign of the effective potential, i.e., ^ = 1, can effectively produce pairs. This is why the 
threshold singularity in the transition rate is of the square root form, which is characteristic for the processes allowed by the 
angular momentum selection rule. For photons with the opposite helicity sign, the pair production is suppressed. The rate of the 
process as a function of the inverse photon energy is depicted in FICQ] 




FIG. 1 : The rate of electron-positron pair production. Wo = e-m/2rji » 10'^ (|fc|/leV) sec '; / = ^/i/t; w 2.5 ■ 10"(leV)^/|i|ey. 



IV. PHOTON EMISSION 



Consider now the cross-channel, i.e., photon emission by a charged particle in the Lorentz violating background. The authors 
of f32] proposed to call this process "helicity decay". In fact, this is an example of the more general sort of radiation previously 
called "spin light" which is just radiation of an intrinsic magnetic moment of an electron associated with its spin. This sort 
of radiation has been studied for the last years in a number of papers. In the case of the "synchrotron radiation", i.e., radiation 
of a relativistic charged particle in an external magnetic field, its dependence on the electron spin orientation was studied both 
theoretically |34] and experimentally |35]. As a result of these studies, it has become clear that the synchrotron radiation can 
be considered as consisting of two parts: one is radiation of the electron charge itself and the other is just the radiation of an 
intrinsic magnetic moment of an electron, and it is just what they called the "spin light". This term was also used in f3^ for the 
description of photon radiation by a neutrino in dense media. It should be emphasized that the mechanism of this last process 
(see 1 26]) is similar to that of the process under investigation in the present article. As it will be seen from the formulas to follow, 
radiative transitions can take place both with and without the spin flip. This is why we prefer to use the term "spin light", and 
not the "helicity decay" in our paper 

First of all we point out that the formulas we obtain in what follows are valid for both an electron and a positron. This is due 
to the fact that the sign in front of the matrix in equation i2A\ remains invariant under the charge conjugation operation. 

The rate of transition of an electron from the initial state with 4-momentum p'' and helicity to the final state q'', with 
emission of a photon with circular polarization g can be written in the form 



(4.1) 
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where instead of the initial and final electron energies e, = Sf = q'^ respectively and particle polarizations ^p, we 
introduced, in addition to ( 13. 5> . the following dimensionless variables: 

y = p°/m, X = ^"/'w, li = sign(fe), If = sign(/7). (4.2) 

The integration limits in the formula ( 14. U are 

xe0 7e[l,oo), (4.3) 



if - I, and 



.^e0 re[l,ro), 

x&[a)\,L02\ re[yo,ri). 

X e [1,0)2] y e [71.72), 

X e 76 [72, 00), 



if^/ = -1,^/ = -l,and 



if^,=-l,^/ = l. 
Here 



where 



and 



U{\-2d) + {\-2d)-']. 



(4.4) 



X € ye [l,7i), 

xG[l,wi] 7 e [71,72), (4.5) 
X G [a>2,wi] 7 6 [72,00), 



wi = ^(z+1 +z+j), W2 = ^(z-1 (4.6) 



Zii =7 + 1^72 -l-2afj, (4.7) 
70 = Vl + if, 

7, =!{(!+ 2fl') + (l+2flf)-'} , (4.8) 
72 = 



As it is seen from the above formulas, radiative transitions can take place both with and without the spin flip. 
The integration is carried out elementary and we obtain 

2 

cm I - 

= + [^^^+1' - + Z(z_i, -1)0(7 - 72)] ^4 

+(1 - If) [Z(z+i, 1)0(71 - 7) + Z(z_i, -1)0(72 - 7)] 0(7 - 7o)}(l - Id- 

Here 

87(72- 1)1 « LV / M /J ^^^^Q^ 



-Az--,[{z-z-')--glf{z + z-' -2) 
After summation over polarizations of the final particle, the transition rate becomes 

+ %=-i = ^(1 - li)[2iz^u 1) +Z(z_i,-l)}0(7-7o). (4.11) 
If c/7 «c 1 , expression ( 14. 9> leads to the formula 

"^gu, ^ ^^^r(7' - D'^'d - - m + If), (4.12) 
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where (3 - Vt^^^/ 7 is the initial particle velocity. 

In the relativistic limit (y » 1), the transition rate is transformed to the expression 



~S(i(f 



I6y 



ln(l +4dy)- 



4dy{l + 6dy) 



(1 +4£/r)2 



(4.13) 



which is valid for li <K 1 . 

Thus, we see that at high energies y » 1 charged particles radiate primarily photons with the helicity sign opposite to the sign 
of the effective potential b {g - -1). Moreover, the radiation process is accompanied by the particle helicity flip. The rate of the 
process as a function of the electron inverse energy is depicted in F1G|2 




FIG. 2: The rate of the radiative transition. IVo = 2e^md ~ 2 • 10'^ (|^7|/leV) sec"' ; f = {AdyY^ ~ 0.6 • 10"(leV)Vl*|e,. 



Let us consider now the radiation power of spin light. If we introduce the function 
where 

1 



-{ - \2z--, Inz - 3z--\ [z^ - - -glj - z-') ] 



24r(r2 - 1)1 

+[{z - z-'? - lis ((z + z-'f - 8) ] + 6(z - z-'){z\ + 1)}, 

then the formula for the total radiation power can be obtained from ( I4.9> . (I4.11> by substitution Z(z, Ij) 
verified that if c/y <K 1 , the radiation power becomes 



le^rr?-d'^ 



'mr ^ 

In the relativistic limit, the radiation power is equal to 



(y2 _ -f3g)(3y\l -p-g) - 1)(1 - ^,.)(1 + If)- 



2 2 

em 



16 



ln(l +4c/r)- 



2^/y(6 + 15(4t/y) + ll(4c/7)2) 



(l-^,)(l+^/)(l-^). 



(4.14) 

(4.15) 
Z(z,(f)- It can be 
(4.16) 

(4.17) 



3(1 +4dy)3 

It should be first of all emphasized that as follows from our result for the radiation power i4.lH . photons emitted by relativistic 
particles (y » 1) are completely circulary polarized, g = -1, and the helicity sign in this case is opposite to the sign of the 
effective potential b. Moreover, the total radiation power increases logarithmically. It can be seen from equations ( I4.13t and 
(|^^) that in the ultra-relativistic limit [dy » 1) the average energy of emitted photons (sy) is almost equal to the electron initial 
energy e, 



1 



1 



3(ln(l +4dy)-3/2) 

It is therefore evident that the particle looses a rather significant amount of its initial energy through radiation. 



(4.18) 
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V. DISCUSSION AND CONCLUSIONS 

The results obtained demonstrate the strong dependence of the rates on the polarization properties of the particles that par- 
ticipate and are produced in the reactions we studied. In general, this amounts to the conclusion that, in the framework of the 
present model, in the ultra-relativistic limit, the particles produced in the reactions considered are preferably in the state with 
determined polarization, i.e., photons have the sign of polarization opposite to the sign of the effective potential, while charged 
particles are preferably in the state with the helicity coinciding with the sign of the effective potential. This certainly is the 
consequence of the particular choice of the model with Lorentz symmetry violating term in the Dirac Lagrangian we adopted. 
Indeed, the model assumes axial-vector interaction with the background field, and this appears to be essential to the helicity se- 
lection rules. The question arises, as to what may happen for other Lorentz structures such as vector, tensor, and chiral structures 
such as (V + A) in the Lagrangian that also occur in a reasonable standard model extension. In the standard model extension |^ 
(we restricted ourselves to its electrodynamic sector only), interactions of particles with various condensate fields of the vector, 
tensor and axial-vector nature are included in the Lagrangian, and the resulting theory is renormalizable. As is known, rates of 
the processes in such theories should decrease with growing energy in the very high energy limit. Hence, the system in the final 
state should have zero orbital moment. The results of the present paper confirmed this conclusion for the particular choice of the 
axial-vector interaction with the background field. One may expect that with other forms of the Lorentz violating background, 
only those transitions would dominate that are allowed by this general selection rule. At the same time, for different types of 
interaction, this selection rule may lead to different correlations between the spin quantum numbers of participating particles. In 
the case in question, there is no specified direction in space and these correlations are quite simple. On the other hand, e.g., with 
the tensor type condensate determined by the parameter H'''^ in the SME Lagrangian, the fermion spin states are described by 
the transversal polarization rather than helicity. Therefore, for this case, any conclusions concerning spin correlation can only 
be made upon detailed consideration of the problem. 

Due to the above mentioned polarization properties of particles produced in the reactions considered, the photon radiation 
process together with the pair production can not form a cascade process. Let the sign of the effective potential be positive (in 
the opposite case, the arguments are evident). Then as a result of the radiative transition, a photon with left polarization and an 
electron with arbitrary polarization are produced. However, the right-handed electron can not radiate at all, while the left-handed 
recoil electron, as is easily verified, will have the energy lower than the threshold value y = Vl + d^. Moreover, the rate of the 
pair production by the radiated photon is practically equal to zero, as the rate of pair production by the left-handed photon is 
strongly, (~ rj^^), suppressed as compared to the rate of pair production by the right-handed photon. Hence, the cascade process 
of the form 

predicted in |9], proves to be impossible in our model, at least in the resonance channel. Emission of radiation by charged 
particles produced in the process 

y — » e -H e 

is also impossible in our model. 

It should be mentioned that the results of the present work are different from corresponding estimates of papers f^. This is due 
to the fact that our results were obtained with the use of exact Dirac wave functions and the corresponding dispersion law for the 
particle energy in the Lorentz violating background. The authors of 0], however, without specifying any mechanism, postulated 
a modified dispersion law for an electron such that it became different from the vacuum one by an additional term cubic in the 
electron momentum. As a result, the threshold singularity of the pair creation process in |6] had the form (1 - rji/rf)^^^ (in the 
notations of our paper), and this is characteristic for the processes forbidden by the angular momentum selection rules. At the 
same time, the probability of photon emission by an electron in |6] increases with growing energy as y^. 

As it was already mentioned in the Introduction, at present there are no serious experimental limitations for the value of 
parameter b in the case of an electron obtained in the low energy region. Assuming, for instance, that the limitations are the 
same as for the neutron [5^, we may come to the conclusion that the effects considered above may become significant only at 
energies comparable to the Planck energy Mp ~ lO^^eV. This means that they may be important only in the study of processes 
that take place in the early Universe. In our calculations this corresponds to putting d ~ m/Mp. The actual limitations for the 
value of parameter b can, however, be given only by experiment. The results of the present paper can provide some possible 
guides for obtaining the limitations on the value of b in the high energy region. The threshold for the process of pair production 
is fairly high and hence it can be observed only in the astrophysical conditions, while the spin light can be observed already in 
laboratory experiments with modern accelerators. 

To be particular, let us consider the following illustrative example. With consideration for the above mentioned restriction 
b < lO^^eV, we have for the modern machines <s; 1. Therefore, with the use of equations (|^^) and j4.16> . we obtain, up to 
coefficient of order unity, for the transition probability and spin light power respectively 

WsL ~ 7 mc^d (Ady)\ Isl ~ 7 si^d^ (4dy)\ (5.1) 
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where a is the fine structure constant, and the Gaussian units were used. 
Moreover, the average energy of emitted photons is defined by the formula 

<ey>sL ~ Sidy. (5.2) 
Now, for the same quantities in the case of synchrotron radiation, we have the following 

WsR ~ ^ mc\H/Ho), IsR ~ 7 s,\H/Ho)\ (5.3) 
n n 

where H is the magnetic field strength, and Hq = m^c^/efi » 4.41 ■ lO'^^G is the so called "critical", or "Schwinger" field (see, 
e-g-, L27.I ). The average energy of the synchrotron radiation photon is estimated as 

<£y>SR ~ Si(H/Ho)r. (5.4) 

It is clear that in our problem, the parameter b plays the same role as the parameter H/Ha in the synchrotron radiation case. The 
presence of an extra small parameter (4c/y)^ is due to the different mechanism of radiation in our case: a photon is emitted not 
by the electron charge but by its magnetic moment. Therefore, we conclude that, in experiments with relativistic electrons from 
modern accelerators, one may find certain limitations on the value of the parameter b by searching for possible hard radiation 
from electrons in the straight parts of their trajectories, where no synchrotron radiation should be expected. 
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